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Abstract 





Carrier frequencies beyond 300 GHz have recently received attention primarily 
due to the potential for impressive capacity for future multi-gigabit wireless 
communication systems. In this context, this work considers the channel 
attenuation factor for a relatively large distance of 1km and then estimates the 
available bandwidth and the corresponding maximum data rate in the THz 
band. Results are very promising and show that capacity values beyond 1Tbps 
can be achieved under certain conditions for the transmitted power, antenna 
gains and weather conditions. 
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Atmospheric Effects (1) 


> Clear Atmosphere 


Attenuation at each frequency (f) is: 
v= Yo (f) +w (f) = 0.1820f N (f) 
where N (f) isthe imaginary part of the frequency-dependent complex refractivity: 
N (f) =X; SiFi+ Np() 

where Np (f) isthe dry continuum due to pressure-induced nitrogen absorption and the 
Debye spectrum and S; is the spectral line strength that is given by 

ja x 1077p expla; (1—0)] for oxygen 

' 1b, X 1071e03exp[b,(1—0)] for water vapor 
where p is the dry air pressure, e is the water vapor pressure, and @ is the ambient temperature. 


The total attenuation for a path length d is Ly = dy 
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Atmospheric Effects (2) 


> Rainy Sky 


The signal attenuation as a function of rainfall rate, signal frequency, polarization and 
path elevation using the power-law relationship: 

y, = kr“ 
where r is the rain rate in mm/h, k and q are determined as a function of frequency in 
the range from 1 to 1000 GHz. Because of the raindrop shape and its relative size 
compared to the RF signal wavelength, the propagation loss due to rain is also a 
function of signal polarization. 


The total rain attenuation for a path lengthd is L,. = dy,. 
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Data Rates for Fixed Wireless Links 





The maximum error-free transmitted data rate is defined by Shannon’s capacity formula for a point- 
to-point scenario: 
C = Blog,(1 + SNR) 
Where B is the available channel bandwidth and SNR 
Fx 
kTBNp 


where WN, is the receiver noise figure, T is the temperature and k is the Boltzmann constant 
(k=1.38x10°? J/K) and P,, is the received power given by: 


2 
C 1 
Prx = Pex Gey Gry (=) i 
atm 


where P,, is the transmitted power, G;, and G,, are the antenna gains for the transmitter and 
receiver respectively and L,;,, are the relevant losses due to atmospheric conditions 


SNR = 
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Attenuation for Fixed Wireless Links 


Total attenuation for 1 km 


—— Clear sky 
——-— Clear sky + free space loss 
Rain (50mm/h) 
——-— Rain (50mm/h) + free space loss 
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Total attenuation for a clear and rainy 


atmosphere (rain-rate 50 mm/h), for the 
reference distance of 1km. 


The scenarios considered here represent 
the best and worst operational conditions. 
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Results (1) 





One of the major problems related with the THz band that limits the 
operational range of the targeted applications, is the available output power 
from the PAs. 


This work shows that the antenna gains available at both ends of the link, can 
be exploited to balance the link losses (free space path loss, atmosphere, etc) as 
well as the very low transmit power. 


In order to demonstrate the validity of this approach, three values are examined 
for the E/RP+G,, parameter: 50, 100 and 150 dBm, i.e. low, medium and high. 
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Results (2) 


Data rate (Gbps/GHz) 


—— EIRP+G_ =150 dBm 
—— EIRP+G_. =100 dBm 
—— EIRP+G =50 dBm 
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This figure shows the maximum data 
rate (Gbps/GHz) for a clear sky fixed 
wireless link (@ 1km). 

Since this is best scenario in terms of 
attenuation, the data rates shown for 
the three different cases of the 
parameter E/RP+G,, can be considered 
as performance upper bounds. 


Different bands that could be 
employed for data transmission 
become evident with increasing 
EIRP+G,, 
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Results (3] 





Data rate (Gbps/GHz) 


ams Clear sky with EIRP+G =150 dBm 
rx 
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Rain with EIRP+G =150dqdBm 


Clear sky with EIRP+G | =50dBm 
rx 


Rain with EIRP+G =50dBm 


800 
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1000 


This figure compares the maximum 
data rates for a clear and rainy 
(SOmm/h) sky wireless link (1km), 
when E/RP+G,, = [50 150] dBm. 


Data rates over 1Gbps/GHz can be 
achieved even for rainy sky, in certain 
frequency windows. 
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Results (4] 
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Capacity (Tbps) 


The maximum bandwidth (blue bars) 
and capacity (orange bars) per 
frequency window for the scenario 
with clear sky and E/RP+G,,= 150dBm, 
(note that 1 Gbps/GHz is the threshold 
considered for the calculations here). 


Five frequency windows are available, 
each with total data rates ranging from 
~0.25 to ~2.25 Tbps. 
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Results (5) 





Bandwidth (GHz) 





co 
5O 


Oo 
O 


=J 
D 


ci 
5 


cn 
a) 


A 
© 


QI 
© 


NO 
oS 


10 





301 386 454 


(GHz) 


Ts 
min 





632 


843 


2.75 


29 
2.29 


ate 
1.5 


1.25 


0.75 
0.5 


0.25 


Capacity (Tbps) 


The maximum bandwidth (blue bars) 
and capacity (orange bars) per 
frequency window for the scenario 
with rainy sky (50mm/h) and 
EIRP+G,,=150dBm. 


Over 1Tbps can be achieved even for 
rainy sky in certain frequency 
windows. 
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Conclusions 





The THz band challenges of high free space loss and atmospheric attenuation, 
as well as low available output power could be addressed with the use of high 
antenna gains in specific frequency windows. 


The analysis presented here demonstrates the potential use of the THz band for 
outdoor wireless communication at 1km distance, with good and bad weather 
conditions, in order to achieve Tbps capacities. 


For shorter distances, even the entire frequency band can be used due to 
considerably lower pathloss, and hence much higher spectrum efficiency can be 
achieved, as well as multi-Tbps data rates. 


A number of challenges still remain and must be solved before this technology 
can be widely deployed, e.g. power amplifier design, processor speed, antenna 
and hardware technology. 
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